Powdery mildew, caused by Podosphaera xanthii, is an important disease of melon in the Brazilian Northeast. The objective of this work was to evaluate the reaction of families, lines and cultivars of melon to P. xanthii. Two experiments in simple lattice were carried out under field conditions in the municipalities of Mossoró and Baraúna to evaluate 144 families. In a greenhouse, an experiment was carried out in a completely randomized design to evaluate 19 lines and the cultivars Yellow Queen, Chilton and Hy Mark. Disease was assessed by a severity scale. There was genetic variability among families. The families 4, 5, 11, 14, 18, 23, 33, 42, 101, 112 and 140 were identified in both sites as resistant. The lines LOF-027, LOF-105, LPS-124, MEL-008 and cultivar Chilton showed resistance to race 1 of the fungus.
T he melon (Cucumis melo L.)
is the most important crop for agribusiness in Rio Grande do Norte State. The area cultivated with this vegetable expands every year because of the high prices for the product on the external market. The climatic conditions of high temperatures, high insolation levels, little rainfall for most of the year and the highly technological melon cropping are the main reasons for the national importance of Rio do Norte State (Nunes et al., 2005) .
Increased cropping area and intensive continuous cultivation have contributed to increasing plant health problems in the melon in the Brazilian Northeast. Powdery mildew, a disease caused by Podosphaera (Sphaerotheca) xanthii (Castag.) U. Braun & Shish, is the main fungus problem that affects the melon canopy. This disease occurs mainly in periods of low relative air humidity and high temperatures (Fazza, 2006) .
Under ideal development conditions for the fungus, the severely attacked plants lose vigor and there is premature leaf fall and consequently reduced yield. This reduction is due to decrease in the leaf area for photosynthesis (Stadnik et al., 2001) , that damages the crop yield because of the decrease in size, number and quality of the fruits produced (Viana et al., 2001) .
Melon powdery mildew has been controlled by applying sulfur-based fungicides. In Brazil, the fungicides used to control powdery mildew represent a considerable part of the market and increase the production cost of the crop. On the other hand, the importance of alternative control methods has increased significantly due to pressure from consumers for products with low quantities of agricultural chemical residues and reduced environmental contamination.
One of the alternatives to control powdery mildew is using cultivars with genetic resistance that have the main advantages of easy adoption by the producer, use in integrated disease management programs and environmental conservation. In the case of powdery mildew, control by genetic resistance is complicated because there are races in the pathogen population. Many cultivars have been released by the genetic breeding programs developed in some countries of the world. However, because of the variability present in the P. xanthii species the resistance of the cultivar is quickly broken and hinders research (Fukino et al., 2004) . The P. xanthii population usually consists of a mix of races (Hosoya et al., 1999; Hosoya et al., 2000; Kuzuya et al., 2003; McGreight, 2006) that alters in function of the cultivar planted and the cropping season (Fukino et al., 2004) requiring continuous monitoring of the variability of the referred pathogen. In Brazil, race 1 has been identified by several authors (Reifschneider et al., 1985; Reis et al., 2002; Reis et al., 2005) . Race 2 was first observed in São Paulo in 2000 (Kobori et al., 2004) and then in the Federal District (Reis & Buso, 2004) , Petrolina (Kobori et al., 2005) and in the Mossoró-Assu Agricultural , 5, 11, 14, 18, 23, 33, 42, 101 , 112 e 140. As linhagens LOF-027, LOF-105, LPS-124, MEL-008 e a cultivar Chilton mostraram resistência à raça 1 do fungo. Pole (Fazza, 2006 ). Fazza (2006 also reported the occurrence of races 0, 3, 4 and 5 at a lower frequency compared to races 1 and 2.
RESUMO

Palavras
Understanding of the genetic control of the resistance is very important to obtain cultivar resistance to a determined pathogen. For the case of the pathosystem in question, different genetic models have been proposed for melon resistance to races 1, 2 and 5 of P. xanthii. Resistance to race 1 seems to be controlled by one or two genes (Kenigsbuch & Cohen, 1992; Epinat et al., 1993; Floris & Álvarez, 1996; McGreight, 2003) . Genetic control of the resistance to race 2 is more complex because the resistance is partial and there are modifiers (McGreight et al., 1987 Epinat et al., 1993 . Resistance to race 5, studied in the PI 124112 accession, is controlled by a single dominant gene (Bardin et al., 1999) . Recently, Yuste-Lisbona et al. (2010) studied resistance of the TGR-1551 genotype to races 1, 2 and 5 and concluded that two independent genes, one dominant and one recessive (dominant-recessive epistasis) are involved in the genetic control of resistance to these races. This manuscript was indicated by the authors as the first report of the existence of a recessive gene that conferred resistance to more than one P. xanthii race. The discrepant results among the articles in the literature are due to the genetic variability of the pathogen, the parents involved, the assessment methodology and different environmental conditions.
Thus the objective of the present study was to assess the reaction of melon families of the Galia type and melon lines of the Yellow, Honey Dew and Frog Skin types to the P. xanthii fungus.
MATERIAL AND METHODS
Field assessment -Two field experiments were carried out in the municipalities of Mossoró and Baraúna, Rio Grande do Norte State, Brazil. The climate in the two municipalities, according to the Köppen classification, is 'BSWh' (very dry with a wet season in the summer that extends to the fall/ autumn) (Carmo Filho & Oliveira, 1989) .
A total of 144 S6 Gália melon families was assessed derived from a cross between the DRG-1537 and AMR-04 hybrids. Both are single hybrids with andromonoecious sexual expression. The DRG-1537 hybrid is the Gália type, with round fruit, average weight around 1.5 kg, white flesh, non-aromatic, high total soluble solids value (12-13 o Brix), resistance to race 1 of P. xanthii and race 1 of Fusarium oxysporum f. sp. melonis. The AM-04 hybrid is the Yellow type, spherical in shape, average weight 1.7 kg, wrinkled yellow skin, white flesh, high flesh firmness values, total soluble solids content (12 and 14 o Brix) and is resistant to Myrothecium roridum, race 2 of P. xanthii and to race 1 of F. oxysporum f. sp. melonis.
Self-pollination was begun in the field with a population of 580 plants.
The self-pollinating generations where advanced by the Single Seed Descendent method or SSD. There were five generations of self-pollination. When the families were in the S6 generation, selection was made in augmented blocks for fruit quality, earliness and yield, resulting in 144 families.
The soil in the two experiments was prepared by plowing and grading, then furrowed in rows approximately 20 cm deep spaced at 2.0 m and fertilized with cattle manure at doses of 10 and 12 t ha -1 , in Mossoró and Baraúna, respectively.
The seeds were sown in extruded polystyrene trays with 128 wells. The seedlings were transplanted 15 days after sowing in Mossoró and 11 days after sowing in Baraúna. The crop was spray irrigated with a volume of approximately 3,000 m 3 ha -1 throughout the crop cycle. The other crop practices were carried out according to management recommendation for the crop in the State (Nunes et al., 2004) .
A single 12 x 12 lattice design was used and the plot was formed by two 5.0 m lines. The spacing adopted was 2.0 x 0.5 m, totaling 20 plants per plot. The disease severity characteristic was assessed, using a scale of scores ranging from 1 to 5, where 1= no symptom; 2= 0.1% to 10% leaf area affected; 3= 11% to 25% leaf area affected; 4= 26% to 50% leaf area affected; 5= over 50% leaf area affected. The assessment was made 43 days after transplanting the seedlings to the field on 10 randomly chosen leaves. The disease occurred naturally and uniformly in the field. The severity was assessed by four experienced assessors working independently who were experienced in the melon crop. The assessment means were used for the statistical analyses.
The individual (per location) and joint analyses were carried out considering the location effect as fixed and plot and family as random effect. The components of variance were estimated by the restricted maximum likelihood (REML) using the PROC MIXED procedure in SAS ® 9.1 for Windows. The heredity in the broad sense and selection gains were estimated according to the expressions reported by Bernado (2000). A 10% selection intensity was used to select the lines.
Assessment in the greenhouse -Nineteen melon lines and the Yellow Queen, Chilton and Hy Mark cultivars were assessed in a greenhouse in a complete randomized design with six replications. The lines with the LOF code are the Orange Flesh type and were obtained from a population derived from the Honey Dew Red Flesh, Saturn, Orange Flesh and HT-01 cultivar. The lines with the LPS code are the Frog Skin type and are derived from the cross of the HPS-07 and Tendency hybrids, both the Frog Skin type. The lines with the MEL code are the yellow type and derived from the AMR-02 x Gold Mine hybrid cross, both yellow type.
The plot consisted of a 5 L pot with one plant and the substrate consisted of 2:1 sterilized soil and cattle manure. Plants isolated from the Yellow Queen hybrid, highly susceptible to powdery mildew, were inoculated 15 days before installing the experiment with an isolate of race 1 of the fungus. These plants served as an inoculum source. The inoculation was made with 3 cm diameter circles of infected leaf from the same hybrid placed on the adaxial part of the leaves of the genotypes at 35 days after sowing.
Assessment was made 15 days after inoculation with race 1, following the scale of scores used in the field experiment. The Kruskal-Wallis nonparametric test was applied with the nominal level of significance of 5% probability (a= 0.05). A test was applied of comparison of mean rankings to distinguish the treatments. The SAEG program was used for all the analyses (Ribeiro Júnior, 2001) .
RESULTS AND DISCUSSION
Field assessment -The means of the two locations were not significantly different. Considering the scale of scores applied, on average, the lines had between 26 and 50% of the leaf area affected and were considered susceptible to the pathogen.
Assuming that the families represented a random, representative sample of the population, components of variance were estimated for this source of variation. The positive and significant estimates of the genetic variances indicated that there was genetic heterogeneity among the families in the two locations and in the mean of the two locations for reaction to the pathogen (Table 1 ). Detecting differences among the families in the two locations and in the joint analysis was an important result from the pragmatic point of view because the presence of variability is an essential condition for selection and consequent obtaining of genetic gain.
On the other hand, even with the genetic variability present among the families, the heredity estimates in the broad sense were low, especially in Mossoró. In the present study, the magnitude of the heredity estimates showed the significant effect of environment acting on the traits analyzed (Falconer & McKay, 1996) . The coefficient of variation values indicated great instability in the variable (Sampaio, 2002) that corroborated with the heredity magnitudes. The genetic gains with selection were small in consequence of the low heredity values. Nevertheless, families with excellent fruit characteristics and scores between 1 and 3 were selected for assessment in subsequent stages of the program (Table  2 ). The families that were outstanding in the two assessment locations were 4, 5, 11, 14, 18, 23, 33, 42, 101, 112 and 140 with means between 1 and 2. All these families presented practically no disease symptoms. Considering that during the experiment, only races 1 and 2 were identified by differentiator inoculation using only seven isolates per location, it could be inferred at first that the families that showed resistance combined the phenotype of the parents, because the DRG-1537 hybrid is resistant to race 1 and the AM-04 hybrid to race 2 of P. xanthii. Nevertheless, the resistance of the families should be confirmed by inoculating them with races 1 and 2 under controlled conditions. In Brazil, race 1 has been identified by several authors (Reifschneider et al., 1985; Reis et al., 2002; Reis et al., 2005) . On the other hand, some families, for example 138, presented resistance in one environment and susceptibility in the other (Table 2) . Families with opposite responses to each environment may indicate the existence of more races in the two assessment environments. Two factors corroborate this interpretation; the first is the fact that other races in addition to races 1 and 2 have already been identified in the Mossoró-Assu Agribusiness Pole. Fazza (2006) assessed isolates from the Brazilian Northeast and observed prevalence of races 1 and 2 and the less frequent Table 1 . Estimates of residual variance, genetic variance among families, variance of family x site interaction, broad-sense heritability and genetic gain with selection of reaction to P. xantii of melon families (estimativas da variância residual, variância genética entre famílias, variância da interação família x local, herdabilidade no sentido amplo e ganho genético com a seleção da reação a Podosphaera xantii de famílias de meloeiro). Mossoró, UFERSA, 2005.
Local
Medium CV (%) 4, 5, 11, 14, 18, 23, 33, 42, 101, 112, 138, 139, 140, 142 4, 5, 11, 14, 18, 23, 33, 42, 101, 112, 140, 141 [2; 3) Intermediate resistance 1, 2, 3, 6, 17 1, 2, 3, 6, 17, 28 , 13, 51, 52, 53, 59, 60, 61, 63, 78, 79, 83, 82, 130, 133, 135, 137, 144 10, 13, 51, 52, 53, 59, 60, 61, 63, 78, 79, 83, 82, 130, 138, 139, 142 [4;5] Highly susceptible All others All others occurrence of races 0, 3, 4 and 5. The second fact is the small number of isolates used in the two environments to monitor the race frequency, only seven in each location. Indeed, it can be questioned whether the small sample allowed the identification of the most prevalent races (1 and 2) but the less frequent races could not be identified, a fact observed by Fazza (2006) because of the greater number of isolates collected, 65 in total. Family x location interaction was not observed, as can be observed by the nil estimates of the component of variance of the interaction (Table 1) . Absence of the interaction showed consistent performance of the genotypes in the assessment environments, a fact that can be verified observing the similar performance (score average) of the families in the two assessment locations (Table 2) . Although on average interaction was not observed, as shown in Table 2 , some families in particular performed differently in function of assessment location, shown by families 138, 139, 141:142.
A next step would be to inoculate the families identified as resistant in both the environments in the present study under controlled conditions to confirm the resistance to races 1 and 2. Once the resistance of these families is confirmed, they should be used as resistance sources in subsequent steps of the program. Furthermore, the reaction should be studied of the same families and those resistant in at least one environment to other races found in the Mossoró-Assu Agribusiness Pole.
Assessment in the greenhouse -Very high disease severity was observed in the assessment of the lines in the greenhouse, with an average of 4.17, where the chlorotic spots resulting from the severe leaf infection became necrotic. According to Sitterly (1978) , powdery mildew is more severe in the greenhouse than in the field because of the reduced air circulation, low light intensity and higher temperatures.
According to the results obtained (Table 3) , only 26.32% of the genotypes assessed in the greenhouse presented scores of less than 3.0. The lines/ cultivars with the lowest severity means were LOF-027, LOF-105, LPS-124, MEL-008 and Chilton.
Regarding race 1 of P. xanthii, Stadnik et al. (2001) reported that the Brazilian melon cultivars of the yellow type with resistance include the AF-646, AF-682 and Frevo hybrids and the other cultivars assessed were susceptible. Similarly, when assessing melon hybrids of the inodorous group under field conditions, Tendency, Frog Skin type, was severely attacked by powdery mildew, with decrease in the leaf area and consequently in the soluble solid content of around 4ºBrix. Santos et al. (2004) assessed the reaction of 20 melon hybrids under field conditions in municipalities in the States of Rio Grande do Norte and Ceará and observed that the hybrids were severely attacked by the fungus except for the hybrids CNPAT 32 x 02 hybrid, that was little affected and the TSX 32096 and PX 4910606 hybrids, that were moderately infected by powdery mildew.
There are few reported experimental results for race 2 of P. xanthii. Fazza (2006) assessed the reaction of commercial melon hybrids cultivated in Brazil to race 2 and observed that most were resistant.
The resistant materials in the greenhouse had good fruit characteristics such as high flesh firmness values, flesh thickness and soluble solid content. These lines could be used as germplasm and/or as single hybrid parents in subsequent stages of the program. Table 3 . Reaction to powdery mildew in melon lines and cultivars evaluated in greenhouse (reação a oídio de linhagens e cultivares de melão avaliados em casa de vegetação. Mossoró-RN. 2005 
